The Pa-elements of the Early Carboniferous conodont Siphonodella quadruplicata (Branson et Mehl) were studied at the Skyscan 1272 micro-CT. The obtained results demonstrate three groups of tissues. The first one comprises interlamellar tissue possessing lowest radiodensity, the second group consists of lamellar tissue characterized by intermediate radiodensity, and the paralamellar and albid tissues demonstrate the highest radiodensity. The X-ray computed microtomography (micro-CT) allows reconstructing internal composition of the studyied Pa-elements and improving data about interlamellar tissue distribution. The results demonstrate perspectives of using the micro-CT in the histological study of conodont elements.
Introduction
The histological features of conodont elements are widely used for taxonomy and deciphering of the conodont affinities (e.g. [1, 10, 5] ). Conodont elements are composed of fluorapatite-organic composites [7] , organized into a number of hard tissues. The tissues have different content of organic matter and crystalline structure (e.g. [1, 2] ). Four types of the hard tissues are known in the conodont element crown: interlamellar, lamellar, paralamellar, and albid. Lamellar and paralamellar tissues are the most common. Interlamellar tissue composes small structures in the conodont element as a rule. Albid tissue composes cores of the denticles of carina only.
The common methods for studying of the conodont element histology are immersion and thin or polished sections. Unfortunately, the former one is not precise, and the latter are destructive for the element studied.
Computed microtomography or Micro-CT is X-ray imaging in 3D, by the same method used in hospital CT (or «CAT») scans, but on a small scale with massively increased resolution. It really represents true 3D microscopy, where very fine scale internal structure of objects is imaged non-destructively. The Micro-CT is widely used in macropalaeontology [9, 6] and micropalaeontology [4, 3, 13, 5, 11] . Synchrotron microtomography was used for morphological investigations of conodont elements as well [5] . This report is aimed to considering results of application the X-ray microtomography (CT) for histological study of the conodont elements. Difference of physical prop- erties of the conodont hard tissues promises possibility to distinguish them in the X-ray images.
Methods and material
The present study was based on X-Ray Micro-CT system SkyScan 1272 (Bruker, Belgium) of the «National Mineral Resources University» (Saint-Petersburg, Russia). 3-dimensional reconstructions and sections were made using NRecon, CTVox, DataViewer (SkyScan, Bruker), and Voxler 3 (Golden Software) software. The individual conodont elements extracted from the host rocks were mounted on the polymetilacrilate slab and scanned with an isotropic voxel resolution of 2.0-5.0 µm at 50-70 kV source voltage and angular step of 0.1-0.2 °. Reconstructions were made with beam hardening correction of 30% with NRecon software (Bruker, Belgium). Specific features of the micro-CT system used and method of sample preparation had been considered earlier [8] .
Robust conodont elements of the Early Carboniferous Siphonodella quadruplicata (Branson et Mehl) obtained from the quadruplicata Zone in the Konstantinov Creek section (Subpolar Urals) were used for the tomographic study. The conodont elements demonstrate good morphological and histological preservation and CAI of 5.
Results and discussion
The Pa elements of Siphonodella quadruplicata demonstrate full spectrum of the hard tissues known in conodonts, and are well studied histologically with traditional methods [12] . The tissues, differing by organic matter content, crystallite size and orientation, and presence or absence of microcavities, demonstrate some disparity in the radiodensity [13] . However conodont element tomograms show that low absorption contrast makes it impossible to recognize all the tissue types [11, 13] . Only three groups of tissues can be distinguished. The first one comprises interlamellar tissue having lowest radiodensity (0.17 mm -1 at 60 KV and Al 0.25 mm filter), the second group consists of lamellar tissue characterized by intermediate radiodensity (0.25 mm -1 at 60 KV and Al 0.25 mm filter), and the paralamellar and albid tissues demonstrate highest radiodensity (0.27 mm -1 at 60 KV and Al 0.25 mm filter) [13, 11] . In some cases the albid tissue belongs to the second group.
It is interesting to note that the more spatial resolution of the tomogram is, the less radiodensity contrast between the tissue types is observed (Figure 1 ). The explanation is that crystallites, composing different tissues, have equal radiodensity close to fluorapatite (about 0.27-0.30 mm -1 ). The integral radiodensity of a tissue depends not only on the radiodensity of the crystallites, but on the porosity, organic matter content, and, in less degree, on the tissue structure (crystallite ordering). High porosity and organic matter content decrease the tissue radiodensity. In opposite, disordered structure leads to increasing of the X-ray attenuation and, hence, the radiodensity. Low radiodensity of the interlamellar tissue reflects a high content of organic matter, intermediate radiodensity of the lamellar tissue is caused by ordered structure, intermediate organic content, and absence of the cavities. High radiodensity of the paralamellar tissue is caused by disordered structure accompanied with low organic content and low porosity. Radiodensity of the albid tissue is determined by extremely ordered structure (porous mesocrystall), lowest organic content, and presence of numerous microcavities [2] .
Spatial distribution of the tissue groups in the Pa elements of Siphonodella quadruplicata (Branson et Mehl), studied with the X-ray microtomography (Figure 2) , closely corresponds to the distribution observed in the polished sections with SEM ( Figure 3 ). Paralamellar tissue composes sheets located in the platform, cores of the rostral ridges and denticles of the carina (Figure 2) . According to the data obtained with thin and polished sections, the interlamellar tissue forms thin septa in the free blade, and narrow strips conforming to growth lamella in the anterior part of the rostrum. The tomograms demonstrate that the «septa» of interlamellar tissue in the free blade, detected in the thin sections, is composed by a number of bowed strips (20-30 µm wide, 4-10 µm thick) separated by lamellar and paralamellar tissues (Figures 3, 4) . Similar, but smaller, strip-like structures of the interlamellar tissue were detected in the lower part of the posterior process, beneath the carina ( Figure 5 ).
Conclusions
The results obtained allow reconstructing internal composition of the study Pa elements and improving data about paralamellar and interlamellar tissues distribution. The CT data demonstrate that paralamellar tissue composes cores of the denticles, especially in the posterior carina, upper parts of the rostral ridges, and sheets in the platform ( Figure 2) ; interlamellar tissue composes strip-like structures in the free blade, anterior rostrum, and lower part of the carina (Figure 4, 5) .
The results demonstrate perspectives of using the CT in histological study of conodont elements and for producing precise 3D histological models of conodont elements. 
